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ABSTRACT
Background and Aims When measuring inequalities in health, public health and addiction research has tended to
focus on differences in average life-span between socio-economic groups. This does not account for the extent to which
age of death varies between individuals within socio-economic groups or whether this variation differs between groups.
This study assesses (1) socio-economic inequalities in both average life-span and variation in age at death, (2) the extent
to which these inequalities can be attributed to alcohol-specific causes (i.e. those attributable only to alcohol) and (3) how
this contribution has changed over time. Design Cause-deleted life table analysis of national mortality records.
Setting England and Wales, 2001–16. Cases All-cause and alcohol-specific deaths for all adults aged 18+, stratified
by sex, age and quintiles of the index of multiple deprivation (IMD). Measurements Life expectancy at age 18 yearss
and standard deviation in age at death within IMD quintiles and the contribution of alcohol to overall differences in both
measures between the highest and lowest IMD quintiles by comparing observed and cause-deleted inequality ‘gaps’.
Findings In 2016, alcohol-specific causes reduced life expectancy for men and women by 0.26 and 0.14 years,
respectively, and increased the standard deviation in age at death. These causes also increased the inequality gap in life
expectancy by 0.33 years for men and 0.17 years for women, and variation in age at death by 0.14 years and 0.13 years,
respectively. For both measures, the contribution of alcohol to mortality inequalities rose after 2001 and subsequently fell
back. For women, alcohol accounted for 3.6% of inequality in age at death and 6.0% of life-span uncertainty, suggesting
that using only the former may underestimate alcohol-induced inequalities. There was no comparable difference for men.
Conclusions Deaths from alcohol-specific causes increase inequalities in both life expectancy and variation in age of
death between socio-economic groups. Using both measures can provide a fuller picture of overall inequalities in health.
Keywords Alcohol, demography, inequalities, life expectancy, life-span variation, mortality.
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INTRODUCTION
Alcohol consumption has been established as a causal risk
factor for more than 60 health conditions [1] and is
estimated to be responsible for the loss of over 1000 years
of life for every 100000 years lived world-wide [2]. Many
studies throughout a wide range of countries and contexts
have identified substantial socio-economic gradients in
health between the most educated and affluent in society
and their less well-off counterparts [3–6]. Similar gradients
have been observed for alcohol-related health conditions
[7–11], with some evidence that alcohol-related inequalities
may be wider than those from other causes [12], suggesting
that alcohol is exacerbating broader societal inequality.
A key aspect of these socio-economic inequalities in
health is the relationship between socio-economic position
and length of life. There are two primary ways to quantify
this relationship. The first is to look at between-group
variation in life-span, i.e. the difference in life expectancy
between low and high socio-economic groups. This is
the prevailing paradigm in public health and addiction
research. The second approach is to look at differences in
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within-group variation in life-span between groups, i.e. to
assess and compare the standard deviation in age at death
in lowand high socio-economic groups [13]. Thismeasure,
often called ‘life-span inequality’, can be viewed as a
measure of the uncertainty faced by an individual within
a given subgroup of the population in their own length of
life. This latter measure has been the subject of much
research in the field of demography (e.g. [4, 13–17]), and
is also closely linked to debates in health economics
about whether only the expected (i.e. average) effect of an
intervention in the population should be considered, or
whether the extent to which the actual impacts on
health will vary between individuals (i.e. whether one
differentiates between an intervention which improves
everyone’s health a little and one which improves the
health of a small number of people a great deal) should
also be considered [18].
Measures of life expectancy and variation in age of
death have been shown to be correlated; however, several
studies have demonstrated that significant variation in
life-span inequality may exist where differences in life ex-
pectancies are minimal (e.g. between countries [15, 17]
and between socio-economic groups within countries
[13]). These inequalities are a concern from the perspective
of public health for several reasons. At the individual level,
greater uncertainty concerning one’s remaining life-span
may have a negative impact on long-term decisions around
financial planning, which have important implications for
health, particularly in older age [19, 20]. This uncertainty
may also foster a sense of powerlessness over one’s health,
leading to increased levels of unhealthy behaviours such as
smoking and drinking [4]. These concerns are not just hy-
pothetical—it has been demonstrated that lower education
levels are associated with greater uncertainty in individual
estimates of remaining life-span [21]. At a societal level,
understanding variation in length of life is critical for the
purposes of planning provision of health and social care
services, and greater inequalities in life-span between indi-
viduals may indicate a failure of health and social protec-
tion policies designed to protect the young and most
vulnerable in society [4, 14]. It may also point to addi-
tional, within-group inequalities that require attention.
Improvements in life expectancy require mortality rates
to fall at any age, while desirable reductions in variation of
age at death requiremortality rates to fall faster at younger,
rather than older, ages, leading to a narrowingof the distri-
bution of ages at death. As a result, efforts to reduce
life-span inequality require particular attention to the
causes of death at younger ages [22]. Deaths from
alcohol-specific causes (those which are wholly attribut-
able to alcohol consumption, such as alcoholic liver dis-
ease, excluding partially alcohol-attributable conditions
such as cardiovascular disease or cancer) typically occur
at relatively young ages and are markedly more prevalent
among lower socio-economic groups [23]. As a result,
studies which have looked only at the impact of alcohol
on inequalities in life expectancy may be underestimating
the true contribution of alcohol-attributable harm to
socio-economic inequalities in health.
This paper therefore focuses on the impact of
alcohol-specific causes onmortality to both assess their im-
pact on socio-economic inequalities in health and to illus-
trate the value of considering both within- and
between-group measures of inequality together. We use
mortality record data for England andWales for the period
2001–16 to calculate:
1. the ‘gap’ in both life expectancy and life-span variation
between highest and lowest socio-economic groups;
2. the proportion of this gap which can be attributed to
alcohol-specific causes; and
3. how both these figures have changed between 2001
and 2016.
METHODS
Data
Mortality data for England and Wales for the period from
2001 to 2016 were obtained from the Office for National
Statistics (ONS). These data comprised the count of
cause-specific deaths and estimates of the total population
size by single year of age, sex and quintile of index of mul-
tiple deprivation (IMD), a composite, area-level measure
which is the UK government’s preferred measure of
socio-economic inequality [24]. For our analysis we con-
sidered two primary outcomes: all-cause mortality and
alcohol-specific mortality. This latter measure includes
only deaths from causes which are wholly attributable to
alcohol (i.e. those causes from which there would be no
deaths if the entire population abstained from drinking),
as listed in Table 1, henceforth referred to as ‘alcohol-
specific causes’. During the period from 2001–2016, these
causes accounted for 1.3% of all deaths among 18–89-
year-olds. This definition aligns with that used by the
ONS, whichwas revised in 2017 [25]. The revised ONS def-
inition excludes unspecified hepatitis and fibrosis and cir-
rhosis of the liver (ICD-10 codes K73, K74.0-K74.2 and
K74.6), which accounted for 27425 deaths in England
and Wales from 2001 to 2016. Approximately half of
deaths from these causes are attributable to alcohol, but
are nonetheless recorded as of unspecified aetiology [26].
This is important for our analysis, as there may be changes
over time in the extent to which liver diseases have been
explicitly recorded as being alcohol-related; for example,
due to issues of stigma surrounding alcohol [27]. There-
fore, we explore the impact of including deaths from these
causes in a sensitivity analysis. Due to the small number of
deaths from alcohol-specific conditions at ages 90+ data in
this age group were not available, and our analysis
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therefore focuses on adults aged 18–89 years. In order to
facilitate future comparisons with other countries, results
including ages 0–17 are provided in the Supporting
information.
Analytical approach
First, for both sexes, IMD quintile, year and year of age, we
calculated alcohol-specific (mAlc), all other cause (mOth) and
overall (m) mortality rates. These overall mortality rates
were then converted into annual probabilities of death (q)
and used to construct life tables using the standard demo-
graphic approach [28]. From these we derived two key
measures, as follows.
1 Remaining life expectancy at age 18 up to age 90
(e(18 ∣ 90)) calculated by:
e 18j90ð Þ ¼
1
118
∑
90
i¼18
li
where li represents the proportion of individuals surviv-
ing to age i. The exclusion of ages 90+ from the calcula-
tions means that quantity this has an upper bound of 72
and is sometimes referred to as ‘temporary life expectancy
between 18 and 90’.
2 Within-group life-span variation, measured as the stan-
dard deviation in age at death between ages 18 and 90
(S(18|90)) as follows:
S 18j90ð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
l18
∑
90
i¼18
li
s
· mi· i -e 18j90ð Þ  18ð Þ
2
where mi represents the mortality rate at age i.As
S(18|90) is a measure of the dispersion of the distribution
of ages at death, higher values represent a greater number
of deaths at young (or very old) ages. A reduction over time
in this measure represents a compression of the
distribution of age of death (i.e. a reduction in the
within-group inequality in life-span and thus the uncer-
tainty around age at death). Our choice of age 18 as the
lower bound for this analysis is motivated primarily by
the fact that this is the legal drinking age in England and
Wales. The impact of this choice is expected to be minimal,
as deaths from alcohol-specific causes below this age are
extremely rare (14 in total for 2001–16).
Next, we generated life tables for both sexes and IMD
quintile for a counterfactual scenario in which there are
no deaths from alcohol-specific causes, using Chiang’s ap-
proach [28, 29]. This method enables the estimation of a
‘cause-deleted’ life table (i.e. one where deaths from
alcohol-specific causes are removed) by adjusting the an-
nual probabilities of death as follows:
q† ¼ 1 q 1ð Þ 1pið Þ
where pi represents the proportion of all deaths which were
from alcohol-specific causes. From this alternative life table
we calculate life expectancy at age 18 (e(18|90)†) and
standard deviation in age at death (S(18|90)†) in the ab-
sence of alcohol-specific deaths.We can then derive the im-
pact of alcohol-specific causes on remaining life expectancy
at age 18 as ∆eAlc = e(18|90)  e(18|90)† and on stan-
dard deviation in age at death as ∆SAlc = S(18|
90)  S(18|90)†.
Finally, we estimate the contribution of alcohol towards
socio-economic gradients in both life expectancy and
standard deviation in age at death. First, we calculate the
‘gap’ between the least (Q1) and most deprived (Q5) IMD
quintiles on each measure as gape = e(18|90)Q1  e(18|
90)Q5 and gapS = S(18|90)Q1  S(18|90)Q5, respectively,
with gape
† and gapS
† defined similarly. Secondly we calculate
the contribution of alcohol to these gaps as gapAlce ¼ gape 
gape
† and gapAlcS ¼ gapS  gapS
† . The final step is then to
Table 1 List of included alcohol-specific health conditions.
ICD-10 code Condition Total number of deaths recorded 2001–16 (ages 18–89)
Alcohol-specific causes
F10.0 Acute intoxication 1194
F10.1–F10.9 Mental and behavioural disorders due to use of alcohol 7130
G31.2 Degeneration 154
G62.1 Alcoholic polyneuropathy 5
G72.1 Alcoholic myopathy 8
I42.6 Alcoholic cardiomyopathy 1533
K29.2 Alcoholic gastritis 81
K70.0–K70.4, K70.9 Alcoholic liver disease 69 455
K85.2 Acute pancreatitis (alcohol-induced) 357
K86.0 Chronic pancreatitis (alcohol-induced) 520
X45, X65, Y15 Alcohol poisoning 3904
All alcohol-specific causes 84 341
All other causes 6 510 926
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calculate the proportional contributions of alcohol, defined
as gap
Alc
e 100
gape
and gap
Alc
S
100
gapS
.
All analyses were undertaken and data visualizations
created using R statistical software [30]. The analytical
code can be found at: https://github.com/VictimOfMaths/
Publications/blob/master/EngMortalityInequalities.R. Eth-
ical approval for the use of ONS datawas obtained from the
School of Health and Related Research ethics committee at
the University of Sheffield (ref. 023092). This analysis was
not pre-registered and the results should be considered
exploratory.
RESULTS
Estimating the magnitude of the inequality ‘gap’
Full results of the analysis for both life expectancy and stan-
dard deviation in age at death are presented in Table 2 for
men and Table 3 for women. In 2016, the remaining life
expectancy for an 18-year-old man in England was
61.46 years, with a standard deviation of 11.35 years. Fe-
male life expectancy at 18 was higher at 64.40 years and
was less uncertain, with a standard deviation of
10.01 years. There is substantial variation in these mea-
sures between socio-economic groups. Men in the most de-
prived IMD quintile live, on average, 6.53 years fewer and
face greater uncertainty in age of death (reflected in a stan-
dard deviation that is 2.56 years higher) than men in the
least deprived quintile. In women this inequality gap is
smaller, but still substantial, with those in the most de-
prived quintile living 4.73 years fewer and with a standard
deviation that is 2.15 years higher.
Alcohol’s contribution to mortality inequalities
Table 2 demonstrates that we find that alcohol-specific
causes were responsible for a 0.26-year (4.2%) reduction
in life expectancy for men in 2016, equivalent to
13.5 weeks, and an increase in standard deviation in age
at death of 0.21 years (+1.9%). Table 3 shows that this im-
pact is smaller for women, with alcohol reducing life expec-
tancy by 0.14 years (2.2%), equivalent to 7.3 weeks, and
increasing standard deviation in age at death by 0.16
(+1.6%). However, alcohol-specific deaths are not evenly
distributed across the socio-economic spectrum. Figure 1
illustrates the age distribution of alcohol-specific and all
other cause deaths, showing this disparity in harm rates
between socio-economic groups. This also highlights that
alcohol-specific deaths are concentrated in later middle
age, while deaths from other causes are not, and shows
that deaths from alcohol-specific causes typically occur at
younger ages as deprivation increases, particularly among
women.
Alcohol-specific causes are estimated to reduce life ex-
pectancy among 18-year-old men in the most deprived
IMD quintile by 0.45 (7.8%) years compared to a reduction
of 0.12 (1.9%) in the least deprived quintile (Table 2). As a
result, alcohol-specific causes are responsible for 0.33 years
(5.1%) of the inequality gap in male life expectancy.
Among women, alcohol-specific causes are responsible
for a reduction of 0.24 (3.9%) in life expectancy at age
18 (Table 3) in themost deprived quintile compared to a re-
duction of 0.08 (1.2%) years in the least deprived quintile.
This corresponds to 0.17 years (3.5%) of the inequality gap
in female life expectancy.
We also find that alcohol-specific causes lead to a
greater increase in life-span uncertainty in more deprived
groups. These causes are responsible for a 0.26-year in-
crease (+2.1%) in the standard deviation of age of death
among men in the most deprived quintile compared to a
0.12-year increase (+1.2%) in the least deprived quintile.
This equates to a contribution of 0.14 years (5.3%) to the
inequality gap in standard deviation of age of death, similar
to the 5.1% effect on life expectancy. For women, standard
deviation in age at death is increased by 0.23 years
(+2.1%) in the most deprived group and 0.10 years
(+1.1%) in the least deprived group from the impact of
alcohol-specific deaths, meaning that alcohol-specific
causes are responsible for 0.13 years (6.0%) of the inequal-
ity gap in life-span variation.
Temporal trends in alcohol’s contribution to mortality
inequalities
The trends in both outcome measures between 2001 and
2016, both with and without the contribution of
alcohol-specific causes, are shown in Fig. 2. This shows
that for both men and women, and for both life expectancy
and standard deviation in age at death, alcohol-specific
causes have had a larger impact on the most deprived
group in all years. These figures also illustrate that that a
stagnation in life expectancy since 2010, particularly in
the most deprived groups, has seen a concurrent stagna-
tion, or even reversal, of falling uncertainty in age of death.
Tables 2 and 3 also present the temporal trends for all
outcome measures between 2001 and 2016. During this
period the overall inequality gap in life expectancy for
men rose until 2007 before falling back to 2001 levels,
while for women it rose until 2008, fell back and then rose
again, largely as a result of the stagnation in improvements
in the most deprived IMD quintile. The time trends in the
inequality gap in standard deviation in age at death are less
pronounced; however, in general the gap among men has
fallen gradually from 2.77 years in 2001 to 2.56 years in
2016, while it has risen among women, from 1.95 to
2.15 during the same period.
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© 2020 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction Addiction
Table 2 Trends in life expectancy and standard deviation in age at death from age 18 and the contribution of alcohol-specific causes to this: males.
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Life expectancy (male)
Population
Remaining life expectancy at age 18: e(18| 90) 58.48 58.63 58.81 59.27 59.53 59.78 60.00 60.13 60.47 60.73 61.11 61.26 61.24 61.42 61.32 61.46
Remaining life expectancy at age 18 without alcohol: e(18|90)† 58.69 58.85 59.04 59.5 59.77 60.03 60.26 60.41 60.73 61.01 61.39 61.51 61.51 61.68 61.57 61.73
Impact of alcohol (years): ∆eAlc 0.21 0.21 0.23 0.23 0.25 0.26 0.26 0.28 0.27 0.27 0.28 0.25 0.26 0.26 0.25 0.26
IMD Q1 (least deprived)
Remaining life expectancy at age 18: e(18| 90)Q1 61.05 61.27 61.40 61.77 62.04 62.3 62.57 62.68 62.92 63.15 63.49 63.58 63.56 63.77 63.75 63.86
Remaining life expectancy at age 18: without alcohol e(18|90)†Q1 61.15 61.37 61.51 61.88 62.16 62.41 62.69 62.80 63.05 63.29 63.61 63.7 63.70 63.89 63.88 63.98
Impact of alcohol (years): ∆eAlcQ1 0.10 0.10 0.10 0.11 0.12 0.11 0.12 0.12 0.13 0.14 0.12 0.12 0.13 0.13 0.13 0.12
IMD Q5 (most deprived)
Remaining life expectancy at age 18: e(18| 90)Q5 54.56 54.67 54.82 55.26 55.54 55.6 55.78 55.87 56.23 56.67 57.05 57.28 57.31 57.28 57.2 57.33
Remaining life expectancy at age 18 without alcohol: e(18|90)†Q5 54.96 55.07 55.27 55.70 56.00 56.11 56.27 56.41 56.73 57.18 57.56 57.75 57.79 57.77 57.62 57.79
Impact of alcohol (years): ∆eAlcQ5 0.04 0.40 0.45 0.44 0.46 0.50 0.49 0.54 0.50 0.51 0.51 0.46 0.48 0.49 0.42 0.45
Inequality ‘gap’ in life expectancy: gape 6.50 6.59 6.58 6.51 6.51 6.70 6.79 6.81 6.69 6.47 6.44 6.30 6.26 6.49 6.55 6.53
Contribution of alcohol to this: gapAlce 0.31 0.30 0.35 0.33 0.34 0.39 0.37 0.42 0.37 0.37 0.39 0.35 0.35 0.36 0.30 0.33
Relative contribution of alcohol: gapAlce =gape 4.7% 4.6% 5.3% 5.1% 5.2% 5.9% 5.5% 6.1% 5.5% 5.6% 6.0% 5.5% 5.6% 5.6% 4.5% 5.1%
SD in age of death (male)
Population
SD in age of death (18+): S(18| 90) 11.95 11.94 11.91 11.81 11.77 11.76 11.71 11.72 11.69 11.54 11.37 11.26 11.33 11.34 11.35 11.35
SD in age of death (18+) without alcohol: S(18| 90)† 11.79 11.77 11.74 11.63 11.59 11.56 11.51 11.50 11.48 11.31 11.14 11.04 11.11 11.13 11.15 11.15
Impact of alcohol (years): ∆SAlc 0.16 0.16 0.18 0.18 0.19 0.20 0.20 0.23 0.22 0.23 0.23 0.21 0.22 0.21 0.20 0.21
IMD Q1 (least deprived)
SD in age of death (18+): S(18| 90)Q1 10.54 10.58 10.57 10.52 10.57 10.39 10.26 10.33 10.33 10.14 10.00 9.87 9.98 9.88 9.88 9.95
SD in age of death (18+) without alcohol: S(18| 90)†Q1 10.44 10.48 10.48 10.43 10.45 10.29 10.14 10.22 10.20 9.98 9.87 9.76 9.85 9.74 9.75 9.83
Impact of alcohol (years): ∆SAlcQ1 0.10 0.10 0.09 0.09 0.11 0.10 0.12 0.12 0.13 0.15 0.12 0.11 0.13 0.14 0.13 0.12
IMD Q5 (most deprived)
SD in age of death (18+): S(18| 90)Q5 13.31 13.22 13.16 13.09 13.04 13.08 13.02 13.00 13.04 12.78 12.62 12.50 12.45 12.58 12.56 12.51
SD in age of death (18+) without alcohol: S(18| 90)†Q5 13.08 13.00 12.91 12.84 12.78 12.79 12.74 12.68 12.75 12.47 12.31 12.21 12.14 12.30 12.31 12.25
Impact of alcohol (years): ∆SAlcQ5 0.23 0.22 0.25 0.25 0.25 0.29 0.28 0.31 0.29 0.31 0.31 0.29 0.31 0.28 0.25 0.26
Inequality ‘gap’ in SD in age of death (years): gapS 2.77 2.65 2.59 2.57 2.47 2.68 2.76 2.66 2.71 2.64 2.62 2.63 2.47 2.70 2.68 2.56
Contribution of alcohol to this: gapAlcS 0.13 0.13 0.16 0.16 0.14 0.18 0.16 0.20 0.17 0.16 0.19 0.18 0.18 0.15 0.12 0.14
Relative contribution of alcohol: gapAlcS =gapS 4.7% 4.7% 6.1% 6.1% 5.7% 6.9% 5.9% 7.3% 6.2% 6.1% 7.2% 6.8% 7.3% 5.4% 4.4% 5.3%
SD = standard deviation; IMD = index of multiple deprivation.
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Table 3 Trends in life expectancy and standard deviation in age at death from age 18 and the contribution of alcohol-specific causes to this: females.
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Life expectancy (female)
Population
Remaining life expectancy at age 18: e(18| 90) 62.47 62.57 62.60 62.99 63.11 63.36 63.46 63.52 63.88 63.99 64.21 64.24 64.30 64.43 64.29 64.40
Remaining life expectancy at age 18 without alcohol: e(18| 90)† 62.58 62.68 62.72 63.12 63.24 63.50 63.61 63.66 64.03 64.13 64.36 64.38 64.44 64.58 64.44 64.54
Impact of alcohol (years): ∆eAlc 0.11 0.11 0.12 0.13 0.13 0.14 0.14 0.15 0.14 0.14 0.15 0.14 0.14 0.15 0.14 0.14
IMD Q1 (least deprived)
Remaining life expectancy at age 18: e(18| 90)Q1 63.99 64.08 64.18 64.51 64.65 64.82 64.94 65.09 65.39 65.45 65.71 65.75 65.81 65.89 65.90 65.95
Remaining life expectancy at age 18 without alcohol: e(18|90)†Q1 64.05 64.14 64.25 64.57 64.72 64.90 65.02 65.16 65.47 65.53 65.79 65.83 65.89 65.97 65.98 66.02
Impact of alcohol (years): ∆eAlcQ1 0.06 0.06 0.07 0.06 0.07 0.08 0.08 0.07 0.07 0.08 0.09 0.08 0.09 0.08 0.08 0.08
IMD Q5 (most deprived)
Remaining life expectancy at age 18: e(18| 90)Q5 59.84 59.91 59.80 60.17 60.33 60.48 60.53 60.43 60.97 61.05 61.22 61.28 61.24 61.36 61.10 61.22
Remaining life expectancy at age 18 without alcohol: e(18|90)†Q5 60.05 60.11 60.01 60.40 60.56 60.74 60.79 60.70 61.22 61.29 61.48 61.52 61.47 61.61 61.35 61.46
Impact of alcohol (years): ∆eAlcQ5 0.21 0.21 0.22 0.23 0.23 0.25 0.26 0.27 0.25 0.24 0.26 0.24 0.23 0.25 0.25 0.24
Inequality ‘gap’ in life expectancy: gape 4.15 4.17 4.39 4.34 4.33 4.34 4.41 4.66 4.43 4.40 4.49 4.46 4.56 4.53 4.80 4.73
Contribution of alcohol to this: gapAlce 0.15 0.14 0.15 0.16 0.16 0.17 0.18 0.20 0.18 0.16 0.17 0.16 0.14 0.17 0.17 0.17
Relative contribution of alcohol: gapAlce =gape 3.5% 3.4% 3.4% 3.8% 3.8% 4.0% 4.2% 4.2% 4.1% 3.6% 3.8% 3.5% 3.1% 3.8% 3.5% 3.5%
SD in age of death (female)
Population
SD in age of death (18+): S(18| 90) 10.42 10.37 10.38 10.33 10.28 10.21 10.17 10.20 10.12 10.08 10.03 9.92 9.93 9.98 9.96 10.01
SD in age of death (18+) without alcohol: S(18| 90)† 10.31 10.25 10.26 10.20 10.14 10.06 10.01 10.05 9.96 9.91 9.86 9.76 9.78 9.82 9.79 9.85
Impact of alcohol (years): ∆SAlc 0.12 0.12 0.12 0.13 0.14 0.15 0.16 0.16 0.16 0.16 0.17 0.16 0.16 0.17 0.16 0.16
IMD Q1 (least deprived)
SD in age of death (18+): S(18| 90)Q1 9.47 9.43 9.40 9.30 9.30 9.28 9.22 9.17 9.05 9.01 8.88 8.85 8.80 8.88 8.75 8.88
SD in age of death (18+) without alcohol: S(18| 90)†Q1 9.40 9.36 9.32 9.23 9.22 9.20 9.12 9.10 8.96 8.89 8.77 8.75 8.68 8.78 8.64 8.78
Impact of alcohol (years): ∆SAlcQ1 0.07 0.07 0.08 0.07 0.08 0.09 0.10 0.08 0.09 0.11 0.11 0.11 0.12 0.10 0.10 0.10
IMD Q5 (most deprived)
SD in age of death (18+): S(18| 90)Q5 11.42 11.33 11.38 11.29 11.24 11.16 11.18 11.25 11.15 11.09 11.09 10.84 10.94 11.00 10.99 11.02
SD in age of death (18+) without alcohol: S(18| 90)†Q5 11.24 11.15 11.18 11.09 11.02 10.93 10.94 11.01 10.91 10.86 10.85 10.61 10.73 10.76 10.76 10.80
Impact of alcohol (years): ∆SAlcQ5 0.19 0.18 0.20 0.20 0.21 0.23 0.24 0.24 0.24 0.23 0.24 0.23 0.22 0.24 0.24 0.23
Inequality ‘gap’ in SD in age of death (years): gapS 1.95 1.90 1.98 1.99 1.94 1.88 1.96 2.07 2.10 2.08 2.21 1.98 2.15 2.12 2.25 2.15
Contribution of alcohol to this: gapAlcS 0.11 0.11 0.12 0.13 0.13 0.14 0.14 0.16 0.15 0.11 0.13 0.12 0.10 0.14 0.13 0.13
Relative contribution of alcohol: gapAlcS =gapS 5.8% 5.9% 5.9% 6.5% 6.9% 7.7% 7.2% 7.6% 7.3% 5.5% 5.8% 6.0% 4.7% 6.5% 5.9% 6.0%
SD = standard deviation; IMD = index of multiple deprivation.
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Time trends in the relative contribution of alcohol to
these gaps are shown in Fig. 3. These trends illustrate that
both life expectancy and life-span uncertainty display
broadly similar trends in both men and women, rising
and then falling back. However, in men the fall in the con-
tribution of alcohol to inequality in both life expectancy
and standard deviation in age at death has only come since
2014, while it peaked in women for both measures in
2008. This figure also illustrates that alcohol-specific
causes make a similar contribution to inequality as mea-
sured using both life expectancy and life-span variation
among men, while alcohol makes a substantially greater
contribution to inequality inwomenwhenmeasured using
standard deviation in age at death. This suggests that using
life expectancy as the solemeasure of mortality inequalities
is likely to underestimate the contribution of alcohol to
these inequalities among women.
A sensitivity analysis using a broader definition of liver
disease marginally increases the estimated impact of
alcohol on life expectancy and life-span uncertainty and
the inequality gaps in both, but does not materially change
the results. See Supporting information, Tables S1 and S2
for these results. For comparative purposes, results
calculated using birth, rather than age 18 as the lower
bound, are presented in Tables S3 and S4.
DISCUSSION
Our findings show that there are significant
socio-economic inequalities in both alcohol-specific and
overall mortality in England and Wales, with more de-
prived groups experiencing shorter life expectancy and
greater uncertainty in age at death. In 2016,
alcohol-specific causes represented only 1.3% of all deaths,
yet were responsible for a 4.2% reduction in life expectancy
amongmen and a 2.2% reduction in women. They also in-
creased uncertainty in age at death by 1.9 and 1.6%, re-
spectively. Alcohol-specific mortality was substantially
greater in more deprived groups and, as a result,
alcohol-specific causes were responsible for 5.1% of the
gap in life expectancy between the most- and
least-deprived groups in men and 3.6% of the gap in
women in 2016. The contribution to life-span inequality
was greater still, particularly for women, with these causes
accounting for 6.0% of the inequality gap in this measure.
Over time, the impact of alcohol on life expectancy,
life-span inequality and the inequality gap in both
Figure 1 Age distribution of alcohol-specific deaths (a) and deaths from all other causes (b) by deprivation (2001–16 data pooled) [Colour figure
can be viewed at wileyonlinelibrary.com]
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measures increased between 2001 and 2008–11 and has
subsequently reduced. During the same period, alcohol,
per capita alcohol consumption rose until 2004 and fell
for most of the following decade, levelling off in the last
few years [31]. This suggests that theremay be a lag of sev-
eral years between changes in alcohol consumption and
changes in alcohol-related harm, in line with epidemiolog-
ical evidence [32]. We also find that the stagnation in im-
provements in life expectancy, identified in several
previous studies [33, 34] have been accompanied by simi-
lar stagnation in life-span uncertainty, particularly for
women in the most deprived IMD quintile.
This study is, to our knowledge, the first to produce
estimates of the contribution of alcohol to both between-
and within-group socio-economic inequalities in life-span.
By considering both thesemeasures together, our study con-
tributes to understanding these inequalities and the impacts
they have on society. A key strength is that the datawe used
comes from national records and represents every death re-
corded in England and Wales over a significant time-period.
There are, however, limitations to our approach. Our
inclusion of only alcohol-specific health conditions ensures
that our results are a consequence only of alcohol, rather
than trends in other risk factors. However, in doing so we
have excluded a significant proportion of the true burden
of alcohol, including the impacts on cardiovascular disease,
cancers and injuries, for which alcohol is one of multiple
risk factors [35–37]. Modelling studies have suggested that
alcohol-specific deaths represent approximately 40% of all
deaths caused by alcohol consumption [38, 39]. A recent
study using estimates from the Global Burden of Disease
study of the impact of alcohol among all health conditions
found reductions in life expectancy attributable to alcohol
in the United Kingdom, which were approximately three
times larger than our estimates [40]. It is also likely that
the exclusion of partially alcohol-attributable conditions
from our analysis means that we are underestimating the
impact of alcohol on within-group variation in life expec-
tancy, as we are excluding causes such as accidents and in-
juries which make a significant contribution to deaths at
younger ages. It is less clear, however, how this exclusion
might impact on our estimates of alcohol’s contribution
to between-group inequalities, as this will depend on the
prevalence and age distribution of deaths from partially at-
tributable causes among different socio-economic groups.
It is also important to note that there will be some random
variation from year-to-year in mortality rates from all con-
ditions; however, the large sample size and the relative sta-
bility of the year-on-year trends suggests that this is
unlikely to affect our conclusions. Finally, mortality data
Figure 2 Trends in life expectancy (a) and standard deviation of age at death (b) with and without the contribution of alcohol-specific causes, rep-
resented by the shaded areas, by sex and index of multiple deprivation (IMD) quintile [Colour figure can be viewed at wileyonlinelibrary.com]
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for England are only available stratified by IMD, which is
derived from the home postcode of the deceased. The use
of other, individual-level measures of socio-economic
position may show subtly different relationships between
alcohol and inequalities [41].
Previous studies have estimated the contribution of al-
cohol to socio-economic gradients in life expectancy in
Denmark [42], Finland [43], Sweden [44] and Norway
[45]. All four studies used similar methodologies to the
present study, but found that alcohol was responsible for
a much larger proportion of the inequality gap between
socio-economic groups (e.g. 35% for men and 22% for
women in Finland in 2003–07 [43]). In part, this disparity
is likely to be a consequence of the inclusion of deaths in
these studies where alcohol-specific disease or intoxication
was listed on the death certificate as a contributory cause.
Higher rates of identification of alcohol as a contributory
factor may also be a consequence of much higher rates of
postmortems in Scandinavian countries.
Future research to develop more refined approaches to
attributing deaths to alcohol (and other health risk factors)
should be considered an important priority in order to
ensure that we fully understand the impact that alcohol
has on health inequalities and, as a result, the extent to
which any alcohol policy can affect overall inequalities in
health. This could involve understanding the differing con-
tributions that alcohol and other risk factors, such as
smoking, diet and exercise, make to health harms among
different socio-economic groups. An important related
question is the extent towhich particular health conditions
are contributing to the inequalities we have described—a
key question from a policy perspective because the
approaches required to reduce the prevalence of deaths
from, for example, alcohol poisoning may only partially
overlap with those required for alcoholic liver disease. It is
also important to recognize that the contribution of alcohol
to socio-economic inequalities to health is modest, as is the
case for many other leading risk factors individually [2]. As
a result, any attempt to reduce these inequalities will need
to addressmultiple risk factors and/or the underlying social
determinants of health in order to be successful.
The approach described in this study could be replicated
in any country with a national deaths register using
ICD-10 coding. One of the greatest values in metrics of
inequality is in using them to compare inequality between
different countries and contexts [20]. We would therefore
strongly encourage the production of comparative
estimates of alcohol’s contribution to health inequalities
in other countries. We would anticipate that countries
with higher levels of drinking, particularly in younger age
groups and larger differences in health between higher
and lower socio-economic groups would show larger con-
tributions of alcohol to inequalities in both between- and
within-group inequalities in health.
Figure 3 Trends in the contribution of alcohol-specific causes to the inequality gap between highest and lowest deprivation groups in life expectancy
and standard deviation of age at death, by sex [Colour figure can be viewed at wileyonlinelibrary.com]
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This study illustrates the value of measuring alcohol’s
contribution to inequality through both life expectancy
and variation in age of death, highlighting that a focus
on life expectancy alone would underestimate the
contribution of alcohol to health inequalities in women in
particular. We therefore recommend that future research
in the field of alcohol and addiction science incorporates
analysis of variation in age of death alongside more com-
monly used measures of life expectancy when evaluating
socio-economic inequalities in health. Our findings show
that alcohol-specific causes contribute to a shorter life
expectancy and increased uncertainty around age at
death, although these effects are modest. This impact is
larger in more deprived groups, and therefore these
causes increase inequality both between and within
socio-economic groups. Reducing rates of alcohol-specific
death, particularly at younger ages, is likely to reduce
socio-economic inequalities in health; however, this impact
is unlikely to be large.
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Figure S1 Age distribution of a broader definition of
alcohol-specific deaths (Panel A) and deaths from all other
causes (Panel B) by deprivation (2001–16 data pooled)
Table S1 Trends in life expectancy and standard deviation
in age of death from age 18 and the contribution of alcohol
to this under a broader definition of ‘alcohol-specific’ –
males
Table S2 Trends in life expectancy and standard deviation
in age of death from age 18 and the contribution of alcohol
to this under a broader definition of ‘alcohol-specific’ – fe-
males
Fig. S2 Trends in life expectancy (panel A) and standard de-
viation of age at death (panel B) with and without the con-
tribution of a broader definition of alcohol-specific causes,
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represented by the shaded areas, by sex and IMD quintile
Fig. S3 Trends in the contribution of a broader definition of
alcohol-specific causes to the inequality gap between
highest and lowest deprivation groups in life expectancy
and standard deviation of age at death, by sex
Fig. S4 Age distribution of alcohol-specific deaths (Panel A)
and deaths from all other causes (Panel B) from ages 0–90
by deprivation (2001–16 data pooled)
Table S3 Trends in life expectancy and standard deviation
in age of death from ages 0–90 and the contribution of al-
cohol to this – males
Table S4 Trends in life expectancy and standard deviation
in age of death from ages 0–90 and the contribution of al-
cohol to this - females
Fig. S5Trends in life expectancy (panel A) and standard de-
viation of age at death (panel B) from ages 0–90 with and
without the contribution of alcohol-specific causes, repre-
sented by the shaded areas, by sex and IMD quintile
Fig. S6 Trends in the contribution of alcohol-specific causes
to the inequality gap between highest and lowest depriva-
tion groups in life expectancy and standard deviation of
age at death, by sex.
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